T he U.S. Preventive Services Task Force (USPSTF) makes recommendations about the effectiveness of specific preventive care services for patients without related signs or symptoms. It bases its recommendations on the evidence of both the benefits and harms of the service and an assessment of the balance. The USPSTF does not consider the costs of providing a service in this assessment.
The USPSTF recognizes that clinical decisions involve more considerations than evidence alone. Clinicians should understand the evidence but individualize decision making to the specific patient or situation. Similarly, the USPSTF notes that policy and coverage decisions involve considerations in addition to the evidence of clinical benefits and harms.
SUMMARY OF RECOMMENDATION AND EVIDENCE
The USPSTF recommends the use of low-dose aspirin (81 mg/d) as preventive medication after 12 weeks of gestation in women who are at high risk for preeclampsia. (B recommendation) See the Clinical Considerations section for additional information about risk factors, timing, and dosage.
See the Figure for a summary of the recommendation and suggestions for clinical practice.
Appendix Table 1 describes the USPSTF grades, and Appendix Table 2 describes the USPSTF classification of levels of certainty about net benefit (both tables are available at www.annals.org).
RATIONALE Importance
Preeclampsia is one of the most serious health problems affecting pregnant women. It is a complication in 2% to 8% of pregnancies worldwide and contributes to both maternal and infant morbidity and mortality. Preeclampsia also accounts for 15% of preterm births in the United States (1) . The disorder is defined by the onset of hypertension (blood pressure Ͼ140/90 mm Hg) and proteinuria (Ն0.3 g of protein in the urine within a 24-hour period) during the second half of pregnancy (Ͼ20 weeks). In the absence of proteinuria, preeclampsia is classified as hypertension with any of the following: thrombocytopenia, impaired liver function, renal insufficiency, pulmonary edema, or cerebral or visual disturbances (2) . placental abruption or fetal death; maternal comorbid conditions (including type 1 or 2 pregestational diabetes, chronic hypertension, renal disease, and autoimmune diseases); and multifetal gestation (1) .
Predictive models that combine risk factors to identify women at risk for preeclampsia, such as serum biomarkers, uterine artery Doppler ultrasonography, and clinical history and measures, are in development (3, 4) . None have yet shown sufficient accuracy for clinical use.
Benefits of Preventive Medication
The USPSTF found adequate evidence of a reduction in risk for preeclampsia, preterm birth, and IUGR in women at increased risk for preeclampsia who received low-dose aspirin, thus demonstrating substantial benefit.
Low-dose aspirin (range, 60 to 150 mg/d) reduced the risk for preeclampsia by 24% in clinical trials and reduced the risk for preterm birth by 14% and IUGR by 20%.
Harms of Preventive Medication
The USPSTF found adequate evidence that low-dose aspirin as preventive medication does not increase the risk for placental abruption, postpartum hemorrhage, or fetal intracranial bleeding. In a meta-analysis of randomized, controlled trials (RCTs) and observational studies of women at low/average or increased risk for preeclampsia, there was no significantly increased risk for these adverse events. In addition, there was no difference in the risk for placental abruption by aspirin dosage.
The USPSTF also found adequate evidence that lowdose aspirin as preventive medication in women at increased risk for preeclampsia does not increase the risk for perinatal mortality.
Evidence on long-term outcomes in offspring exposed in utero to low-dose aspirin is limited, but no developmental harms were identified by 18 months of age in the one study reviewed.
The USPSTF concludes that the harms of low-dose aspirin in pregnancy are no greater than small.
USPSTF Assessment
The USPSTF concludes with moderate certainty that there is a substantial net benefit of daily low-dose aspirin use to reduce the risk for preeclampsia, preterm birth, and IUGR in women at high risk for preeclampsia. 
Balance of Benefits and Harms

Other Relevant USPSTF Recommendations
Pregnant women are at high risk for preeclampsia if they have 1 or more of the following risk factors:
• History of preeclampsia, especially when accompanied by an adverse outcome • Multifetal gestation • Chronic hypertension • Type 1 or 2 diabetes • Renal disease • Autoimmune disease (i.e., systemic lupus erythematosus, the antiphospholipid syndrome) Low-dose aspirin (60 to 150 mg/d) initiated between 12 and 28 weeks of gestation reduces the occurrence of preeclampsia, preterm birth, and IUGR in women at increased risk for preeclampsia.
The harms of low-dose aspirin in pregnancy are considered to be no greater than small.
There is a substantial net benefit of daily low-dose aspirin to reduce the risk for preeclampsia, preterm birth, and IUGR in women at high risk for preeclampsia.
The USPSTF recommends that all women planning or capable of pregnancy take a daily supplement containing 0.4 to 0.8 mg (400 to 800 g) of folic acid. This recommendation is available at www.uspreventiveservicestaskforce.org.
Asymptomatic pregnant women who are at high risk for preeclampsia Prescribe low-dose (81 mg/d) aspirin after 12 weeks of gestation.
Grade: B
For a summary of the evidence systematically reviewed in making this recommendation, the full recommendation statement, and supporting documents, please go to www.uspreventiveservicestaskforce.org. IUGR ϭ intrauterine growth restriction.
Clinical Guideline Low-Dose Aspirin to Prevent Morbidity and Mortality From Preeclampsia
CLINICAL CONSIDERATIONS Patient Population Under Consideration
This recommendation applies to asymptomatic pregnant women who are at increased risk for preeclampsia and who have no prior adverse effects with or contraindications to low-dose aspirin.
Assessment of Risk for Preeclampsia
There are no validated methods of identifying women at high risk for preeclampsia on the basis of biomarkers, clinical diagnostic tests, or medical history. Most clinicians use medical history to identify women at high risk. Risk factors, based on medical history, may help guide clinicians and their patients in the decision to begin aspirin use.
Although clinical risk assessments were not systematically reviewed for this recommendation, a pragmatic approach is described in the Table. This approach may help to identify a patient population with an absolute risk for preeclampsia of at least 8%, which is consistent with the lowest preeclampsia incidence observed in control groups in studies reviewed by the USPSTF (1). Women with 1 or more high-risk factors should receive low-dose aspirin. Women with several moderate-risk factors may also benefit from low-dose aspirin (Table) , but the evidence is less certain for this approach. Clinicians should use clinical judgment in assessing the risk for preeclampsia and discuss the benefits and harms of low-dose aspirin use with their patients.
Assessment of Risk for Adverse Effects
Low-dose aspirin use in women at increased risk for preeclampsia has not been shown to increase the occurrence of placental abruption; postpartum hemorrhage; or fetal harms, such as intracranial bleeding and congenital anomalies.
Use of Preventive Medication
The dosage and timing of initiation of low-dose aspirin varied across studies. However, the beneficial effects and small harms of low-dose aspirin were consistent across dosages and timing of initiation. It was not possible to determine from the evidence whether a specific dosage or timing of aspirin use conferred greater benefit over other dosages or intervals.
Dosage
Low-dose aspirin at dosages between 60 and 150 mg/d reduced the occurrence of preeclampsia, preterm birth, and IUGR in women at increased risk for preeclampsia in several randomized trials (1). The most commonly used dosage was 100 mg/d, but the 2 largest trials contributing to the estimates of benefit used 60 mg/d (1, (5) (6) (7) . Although studies did not evaluate a dosage of 81 mg/d, low-dose aspirin is available in the United States as 81-mg tablets, which is a reasonable dosage for prophylaxis in women at high risk for preeclampsia.
Timing
Use of low-dose aspirin was initiated between 12 and 28 weeks of gestation. Evidence did not suggest additional benefit when use of aspirin was started earlier (12 to 16 weeks) rather than later (Ն16 weeks) in pregnancy in women at increased risk for preeclampsia (1) .
OTHER CONSIDERATIONS Research Needs and Gaps
Research is needed on the effect of low-dose aspirin on the development of preeclampsia and how the magnitude of response to low-dose aspirin varies with individual or combined risk factors for preeclampsia. Research on how † Single risk factors that are consistently associated with the greatest risk for preeclampsia. The preeclampsia incidence rate would be approximately Ն8% in a pregnant woman with Ն1 of these risk factors (1, 5) . ‡ A combination of multiple moderate-risk factors may be used by clinicians to identify women at high risk for preeclampsia. These risk factors are independently associated with moderate risk for preeclampsia, some more consistently than others (1). § Moderate-risk factors vary in their association with increased risk for preeclampsia.
Clinical Guideline
Low-Dose Aspirin to Prevent Morbidity and Mortality From Preeclampsia www.annals.orgto improve clinicians' ability to identify women at increased risk for preeclampsia, particularly those who would receive the greatest benefit from aspirin as preventive medication, is also needed. Efforts to validate the effectiveness of risk assessment tools using clinical history alone or combined with clinical testing may help clinicians better identify high-risk women who will benefit from aspirin as preventive medication, and help reduce the incidence of preeclampsia and its consequent outcomes. Further research in populations that bear the highest disease burden for preeclampsia, including African American and nulliparous women, is needed. Multivariable risk prediction models that identify healthy nulliparous women who are likely to develop preeclampsia are in development, but further refinement and validation are needed. Additional research to further assess preeclampsia risk in pregnant women with 1 or more moderate-risk factors is needed. Future trials should recruit adequate numbers of women from racial/ethnic populations that are at disproportionate risk, such as African American women, in order to have sufficient power to determine the effectiveness of different aspirin dosages and timing of initiation in these high-risk groups.
Larger studies investigating aspirin use in the first or early second trimester may improve the evidence base on optimal timing of low-dose aspirin as preventive medication. Other areas of research include optimal therapies that individualize the aspirin dosage and timing of administration (e.g., morning vs. bedtime).
In addition, studies that explore less well-established risk factors that may better identify women at high risk for preeclampsia are needed. Further research should also investigate whether preeclampsia prevention with low-dose aspirin affects women's long-term risk for cardiovascular disease and whether there are benefits to continuing lowdose aspirin after delivery in women with 1 or more highrisk factors.
Other Approaches to Prevention
The USPSTF recommends that all women planning or capable of pregnancy take a daily supplement containing 0.4 to 0.8 mg (400 to 800 g) of folic acid. More information is available at www.uspreventiveservicestaskforce .org.
DISCUSSION
Burden of Disease
Preeclampsia is a multisystem inflammatory syndrome with an unclear etiology and natural history. It is one of the leading causes of maternal and perinatal morbidity and the second-leading cause of maternal mortality worldwide (1) .
In 2010, preeclampsia affected 3.8% of deliveries in the United States (8) . The rate of severe preeclampsia has increased over the past 3 decades. In the United States, 12% of maternal deaths are directly attributable to preeclampsia and eclampsia. However, morbidity is more common than mortality, and it is estimated that more than one third of severe obstetric complications are related to preeclampsia (1) .
Preeclampsia accounts for 15% of preterm births in the United States and is a leading cause of medically indicated preterm birth. Delivery is the only cure for preeclampsia (1). Early-onset preeclampsia is usually more severe and often requires preterm delivery. Preterm infants (Ͻ37 weeks of gestation) are at increased risk for morbidity and mortality, and complications increase with earlier delivery. Additional important threats to the fetus from preeclampsia include IUGR, being small for gestational age, placental abruption, neonatal intensive care unit admission, and neonatal death. It is estimated that perinatal mortality is about 2 times higher in pregnancies affected by preeclampsia (1) .
There are racial/ethnic disparities in the prevalence of and mortality from preeclampsia. Non-Hispanic black women are at greater risk for preeclampsia than other women and bear a greater burden of maternal and infant morbidity and perinatal mortality. In the United States, the rate of maternal death from preeclampsia is higher in non-Hispanic black women than in non-Hispanic white women. Disparities in risk factors for preeclampsia, limited access to early prenatal care, and obstetric interventions may account for some of the differences in prevalence and clinical outcomes (1).
Scope of Review
In 1996, the USPSTF reviewed the effectiveness of low-dose aspirin use to prevent preeclampsia (9) . The current review included new evidence on the effectiveness of low-dose aspirin for preventing preeclampsia in women at increased risk and in decreasing adverse maternal and perinatal health outcomes, as well as assessing the maternal and fetal harms of low-dose aspirin during pregnancy.
Effectiveness of Preventive Medication
The USPSTF considered 15 RCTs (8 good-quality) in women at increased risk for preeclampsia to evaluate maternal and perinatal health benefits and 13 RCTs (8 goodquality) to evaluate preeclampsia incidence. All trials were placebo-controlled (1). One large trial was conducted in the United States, and another large, multinational trial was coordinated from the United Kingdom. Thirteen smaller trials were conducted in various developed countries. Preeclampsia incidence in women at increased risk ranged from 8% to 30% across studies.
In general, trial participants were young (mean age range, 20.3 to 31 years) and white. Only 1 trial of women at increased risk for preeclampsia and 2 trials reporting harms included majority populations of black women. None of the trials initiated use of low-dose aspirin before 12 weeks of gestation, and 8 trials initiated prophylaxis before 16 weeks. The most common discontinuation date was upon delivery; however, 6 trials stopped aspirin use Clinical Guideline Low-Dose Aspirin to Prevent Morbidity and Mortality From Preeclampsia before delivery, as early as 35 weeks of gestation or when preeclampsia developed. Aspirin dosages ranged from 60 to 150 mg/d, with most trials using 60 mg/d (6 RCTs) or 100 mg/d (8 RCTs) (1). Included trials defined "high risk" differently because a validated method for identifying women who are at increased risk for preeclampsia is lacking.
Two large RCTs, the Maternal-Fetal Medicine Units (MFMU) trial and the Collaborative Low-dose Aspirin Study in Pregnancy (CLASP), provided most of the data for pooled estimates of benefit (6, 7). The MFMU trial was conducted at 13 U.S. study sites in women at increased risk for preeclampsia (n ϭ 2503). The treatment group received 60 mg/d of aspirin, but was instructed to stop taking the medication if preeclampsia developed. Women were at 13 to 26 weeks of gestation and belonged to 1 of the following predefined preeclampsia risk categories: pregestational diabetes mellitus (n ϭ 471), chronic hypertension (n ϭ 744), current multifetal gestation (n ϭ 688), or preeclampsia in a prior pregnancy (n ϭ 606) (6) .
CLASP was a multinational trial (n ϭ 9364) that included 16 sites (e.g., United Kingdom, United States, Canada, Germany, Spain, and Hong Kong). Women were enrolled to prevent or treat preeclampsia and IUGR on the basis of medical history. Risk factors for preeclampsia were prior IUGR or preeclampsia, chronic hypertension, renal disease, age, family history of preeclampsia, and multifetal gestation. Women were still eligible for study participation if their clinician was unsure whether they should receive low-dose aspirin. Two thirds of participants began taking aspirin before 20 weeks of gestation. Use of low-dose aspirin (60 mg/d) was continued until delivery (7).
Perinatal Outcomes
The USPSTF found evidence of a 14% reduction in risk for preterm birth (pooled relative risk [RR], 0.86 [95% CI, 0.76 to 0.98]; 10 studies; I 2 ϭ 33.2%) among women at increased risk for preeclampsia who received low-dose aspirin (n ϭ 11 779). This reduction in risk for preterm birth resulted from a decrease in the number of women with preeclampsia, as well as a delay in the development of preeclampsia. Pooled estimates provided evidence of a 20% reduction in risk for IUGR (RR, 0.80 [CI, 0.65 to 0.99]; 13 studies; I 2 ϭ 36.0%) in women at increased risk for preeclampsia (n ϭ 12 504). Low-dose aspirin increased the mean birthweight of infants (n ϭ 10 712) by a pooled weighted mean difference of 130.0 g (CI, 36.2 to 223.3 g; I 2 ϭ 60%). There was no statistically significant reduction in perinatal mortality (pooled RR, 0.81 [CI, 0.65 to 1.01]; 10 studies; I 2 ϭ 0%) in women at increased risk for preeclampsia (n ϭ 12 240) (1).
Maternal Outcomes
The USPSTF found evidence of a 24% reduction in risk for preeclampsia (pooled RR, 0.76 [CI, 0.62 to 0.95]; 13 studies) with low-dose aspirin use in women at increased risk (n ϭ 12 184). Heterogeneity was moderate across studies (I 2 ϭ 40.5%). Stratified comparisons did not show that the timing of aspirin initiation (Ͻ16 weeks) or dosage had an effect on preeclampsia prevention (1) .
Maternal complications of preeclampsia (e.g., the hemolysis, elevated liver enzymes, and low platelet count [HELLP] syndrome, organ system failure, eclampsia, or death) rarely occurred in studies and could not be evaluated. Pooled analysis of the outcome of cesarean delivery (10 studies; n ϭ 10 419) indicated no difference in the cesarean delivery rate among women receiving aspirin compared with those receiving placebo (RR, 0.92 [CI, 0.79 to 1.08]; I 2 ϭ 24.9%) (1). The number needed to treat was calculated from the event rate in the trial data at the lowest level of risk for the outcome. The number needed to treat to prevent 1 diagnosis of preeclampsia was 42 (CI, 26 to 200); it was 71 (CI, 41 to 1429) for IUGR, and 65 (CI, 38 to 455) for preterm birth. Absolute risk estimates based on observed event rates ranged from 2% to 5% for preeclampsia, 1% to 5% for IUGR, and 2% to 4% for preterm birth (1). Sensitivity analyses using an alternate method for estimating pooled random effects resulted in similar point estimates and CIs and did not change the statistical significance of results for benefits or harms (1) .
Results from the USPSTF's review are generally consistent with the findings from a Cochrane Collaboration systematic review (10) and an individual patient-data meta-analysis (Perinatal Antiplatelet Review of International Studies [PARIS]) (11) . The Cochrane review included 59 trials (37 560 women), and the PARIS metaanalysis included data from 31 trials (32 217 women and 32 819 infants). Although there were differences in study inclusion criteria, the USPSTF found similar effect estimates for preeclampsia, IUGR, preterm birth, and perinatal mortality, particularly compared with results from the PARIS meta-analysis.
Dosage and Timing
The USPSTF found no evidence from stratified comparisons that the timing of aspirin administration or the dosage had different effects. Comparison of dosage effects showed 1 outcome with a significant difference-preterm birth-when a cut-point of 75 mg/d was used. The reduction in risk for preterm birth was greater in studies using doses greater than 75 mg/d. However, the analyses were confounded by unequal distribution of sample sizes in different dosage categories because the largest studies (MFMU and CLASP) used 60 mg/d of aspirin. There was no evidence of a dose-response relationship (1, 5) .
In 15 trials, use of low-dose aspirin was initiated between 12 and 28 weeks of gestation. None of the trials initiated use of aspirin before 12 weeks. In 8 trials, use of low-dose aspirin was initiated before 16 weeks. Evidence did not demonstrate benefit of starting aspirin earlier (12 to 16 weeks) rather than later (Ն16 weeks) in pregnancy (1).
Potential Harms of Preventive Medication
The USPSTF considered 19 RCTs (12 good-quality) and 2 good-quality observational studies to evaluate maternal, perinatal, and developmental harms. Studies of low-or average-risk pregnant women were included with trials of women at increased risk (1) .
Low-dose aspirin use seemed to have no short-term harms during pregnancy. Eleven RCTs (23 332 women) reported on the outcome of placental abruption (6 trials in women with increased preeclampsia risk and 5 trials in women with low/average risk). Pooled analyses showed no statistically significant increase in abruption associated with aspirin (RR, The pooled relative risk for intracranial hemorrhage in neonates (6 studies; n ϭ 22 158) was 0.84 (CI, 0.61 to 1.16), with low heterogeneity (I 2 ϭ 27.1%; P ϭ 0.23). Maternal death was a rare outcome and could not be evaluated (1) .
The USPSTF found limited evidence on long-term outcomes in offspring from in utero exposure to low-dose aspirin. One observational study of birth defects resulting from aspirin exposure showed that the rate of cryptorchidism did not differ between male infants exposed and unexposed to aspirin in utero (12) . Another observational study on aspirin use during pregnancy had null findings for miscarriage (13) . Follow-up data from the largest trial, CLASP, reported no differences in physical or mental developmental outcomes (e.g., gross motor development, height, weight, or hospital visits) in infants at 18 months of age (14) .
Seven trials reported adverse events; however, most were determined to be unrelated to treatment. Two studies reported women withdrawing from treatment because of itching of the throat and epigastric pain (1).
Estimate of Magnitude of Net Benefit
The USPSTF found adequate evidence that daily lowdose aspirin use in women at high risk for preeclampsia is associated with improved health outcomes through the reduction of risk for preeclampsia, preterm birth, and IUGR. The USPSTF found adequate evidence that low-dose aspirin use does not increase the risk for placental abruption, postpartum hemorrhage, fetal intracranial bleeding, or perinatal mortality. The USPSTF did not identify any harmful effects of low-dose aspirin use on long-term outcomes in offspring; however, evidence was limited.
Overall, the harms of low-dose aspirin use in pregnancy are considered to be no greater than small. Therefore, the USPSTF concludes with moderate certainty that the magnitude of net benefit of low-dose aspirin use to prevent morbidity and mortality from preeclampsia in women at high risk is substantial.
How Does Evidence Fit With Biological Understanding?
Preeclampsia is a complex, multisystem inflammatory syndrome that can originate from multiple causes. It is believed to evolve from changes in placental development that result in placental ischemia. Poor placental perfusion may produce inflammation and oxidative stress. Preeclampsia may also develop as a result of overactive inflammatory responses to normal placentation. Preexisting inflammatory conditions are also believed to trigger systemic inflammatory and oxidative stress processes. The antiinflammatory, antiangiogenesis, and antiplatelet properties of low-dose aspirin are believed to account for its preventive effect on preeclampsia.
Response to Public Comments
A draft version of this recommendation statement was posted for public comment on the USPSTF Web site from 8 April to 5 May 2014. Some comments requested clarification about risk factors for preeclampsia and the dosage and timing of initiation of low-dose aspirin. In response to these comments, the USPSTF added language about populations that are at risk for preeclampsia and aspirin dosages in the Clinical Considerations section. The USPSTF also added language to the Table to clarify the populations at risk. The USPSTF added language on the timing of initiation of low-dose aspirin in the Research Needs and Gaps section. Finally, the USPSTF provided more details about study characteristics and results in the Discussion section.
UPDATE OF PREVIOUS USPSTF RECOMMENDATION
In 1996, the USPSTF concluded that evidence was insufficient to recommend for or against the routine use of aspirin for the prevention of preeclampsia or IUGR. Although a significant reduction in risk for preterm birth suggested benefits for infants, there was inadequate evidence that aspirin provided benefits for women at increased risk for preeclampsia. In addition, the studies availClinical Guideline Low-Dose Aspirin to Prevent Morbidity and Mortality From Preeclampsia able at that time indicated that aspirin use was associated with risk for placental abruption. As a result, the USPSTF concluded that the evidence was insufficient to assess the balance of benefits and harms of aspirin use to prevent preeclampsia in pregnant women at increased risk for preeclampsia (9) .
This recommendation updates the 1996 recommendation. It differs from the previous recommendation in that new evidence on the effectiveness and harms of low-dose aspirin on maternal and perinatal health outcomes now allows the USPSTF to recommend its use in women at high risk for preeclampsia. This recommendation also differs from the 1996 recommendation by defining "high preeclampsia risk" in pregnant women in more detail.
RECOMMENDATIONS OF OTHERS
The American Congress of Obstetricians and Gynecologists recommends initiating use of low-dose aspirin (60 to 80 mg/d) during the late first trimester to prevent preeclampsia in women with a medical history of earlyonset preeclampsia and preterm delivery (Ͻ34 weeks) or history of preeclampsia in more than 1 previous pregnancy (2) .
The World Health Organization recommends the use of low-dose aspirin (75 mg/d) starting as early as 12 to 20 weeks of gestation for high-risk women (i.e., those with a history of preeclampsia, diabetes, chronic hypertension, renal or autoimmune disease, or multifetal pregnancies). It states that there is limited evidence regarding the benefits of low-dose aspirin in other subgroups of high-risk women (15) .
The National Institute for Health and Care Excellence recommends that women at high risk for preeclampsia (i.e., those with a history of hypertension in a previous pregnancy, chronic kidney disease, autoimmune disease, type 1 or 2 diabetes, or chronic hypertension) take 75 mg/d of aspirin from 12 weeks until delivery. It recommends the same for women with more than 1 moderaterisk factor (first pregnancy, age Ն40 years, pregnancy interval Ͼ10 years, body mass index Ն35 kg/m 2 , family history of preeclampsia, or multifetal pregnancies) (16) .
The American Heart Association and the American Stroke Association recommend that women with chronic primary or secondary hypertension or previous pregnancyrelated hypertension take low-dose aspirin from 12 weeks until delivery (17) .
The American Academy of Family Physicians recommends low-dose aspirin (81 mg/d) after 12 weeks of gestation in women who are at high risk for preeclampsia (18) . 
